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Abstract. A disease-rating data set collected for ascochyla blight 
(Ascochyfa rabie~ [Pass.] Labr.) on chlckpea (Clcer sfletinurn L.) In 
*Werent environments and with different isolates of the pathogen showed 
iat resistance against the disease IS quantttative, wlth a signlflcant vertical 
component. Lower mean envtronmental disease ratlngs will enhance 
effective selection for resistance. It is proposed that gene pyram~ding, 
using diverse germplasm and pathogenic ~solates be used to combat the 
disease. 
1. Introduction 
Ascochyta blight (Ascochyta rabiei [Pass.] Labr.) is a 
serious foliar fungal disease of chickpea (Cicer arietinum L.). 
It appears from the literature that the crop pathosystem is 
extremely complex. Not only is the variability of the pathogen 
very wide (Reddy and Kabbabeh, 1985; Jan and Wiese, 1991 ; 
Porta-Puglia, 1992), but the varietal response of chickpea to 
the disease can also vary over the full range of the often-used 
scoring scale from 1 to 9 (Reddy and Singh, 1990). There are 
unresolved questions regarding the mode of inheritance of 
resistance to ascochyta blight; whether the resistance is 
horizontal or vertical, whether its control is monogenic or 
polygenic, and whether it is qualitative or quantitative (Gowen 
et a/., 1989; Malik, 1990; Reddy et al., 1992). We have 
assembled a data set with disease ratings recorded at 
different locations and with different pathogen isolates for a 
group of 19 varieties. We now present the analysis of these 
data in an attempt to answer the above questions. 
2. Materials and  methods 
Nineteen different chickpea varieties were grown in as- 
cochyta blight nurseries at five locations in India, one in 
Pakistan, and in a growth room (20 5 1°C and 90-100% RH) 
at ICRlSATAsian Center, Patancheru, India. The trials had at 
least two replications. The varieties were sown in October- 
November 1990 in the nurseries and in 1991 in the growth 
room. The plot size in the nurseries was 1 row of 4 m length, 
and the spacings between and within rows were 30 cm and 
10 cm respectively. In the field, disease incidence was 
enhanced by spreading debris from ascochyta blight-infested 
chickpea plants between the plant rows and by spraying spore 
suspensions on the plants, thus exposing the crop to 
populations of the pathogen. For the growth r i m ,  80 seeds 
were sown in plastic trays in sterilized river sand in the open, 
and the trays were transferred to the growth room approxi- 
mately 2 weeks after sowing, followed by inoculation of the 
seedlings by spraying spore suspensions of four different 
single spore isolates at 2 x lo6 spores ml ' on the young 
plants. The isolates were obtained from blight infected plants 
of cultivar Pb7, collected from Gurdaspur. Hisar, Ludhiana, 
New Delhi and Sriganganagar. India, and grown on potato 
dextrose agar. Disease scores were taken during the podding 
stage in the nurseries, and at 2 weeks after inoculation in the 
growth room. The scoring was done on a scale of 1-9 as 
described by Nene etal. (1981) and Reddy and Singh (1990). 
where 1 zz no symptoms, and 9 = plants killed. For data 
analysis we calculated means, standard deviations and 
correlation coefficients, and a variance analysis was conduc- 
ted, using the two replication data sets, to quantify the 
contribution arising from vert~cal resistance (Vanderplank. 
1984). 
3. Results and discussion 
The disease scores, their means, standard deviations and 
the correlation betweon the latter two are presented in Table 
1. The varieties represented a wide range of responses to the 
fungus. Table 2 shows the correlation coefficients for the 
d~sease scores of different locations and isolates. The values 
for corresponding growth room isolates and locations are 
shown in bold. They appeared to be high and significant. 
Tables 3a and 3b give the analysis of variance for the 
complete data set and for the plant growth data separately, 
showing that the effects of variety, location and isolate and 
their interaction were highly significant. In Figure 1 we portray 
the ranking differences of the varieties grown at New Delhi and 
Sriganganagar. The mean individual disease scores ranged 
from 2.5 to 9.0, the varietal means from 4.48 to 9.00, and the 
location means from 4.71 (Ludhiana) to 8.03 (Islamabad). 
There was a notable, significant negative correlation between 
mean locational disease rating and corresponding standard 
deviation, indicating that varietal differences are obscured by 
higher locational disease pressure. Therefore breeding can be 
done more effectively under 'medium' disease pressure with 
the presently available levels of resistance where varieties can 
express even more subtle resistance differences. Looking at 
the columns in Table 1 it is apparent that all ratings between 
2 and 9 are represented in continuous variation. This applies 
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Tab& I Ascochyta blqht sevenly ratrng on a 1-9 scab lor 19 chzkpa vdI7eheS grown at seven &Heren/ lOcahoos and rnoculaled 
mM tour Merent  ofal ales of Me pamcpen 
Locallon and ~salate' 
1 ICC 1065 7.5 9.0 9 0 9.0 
2 ICC 1400 4.5 5.0 4 5 4 5 
3 ICC 1472 6.0 9.0 4 0 4 5 
4 ICC 12967 5.0 9.0 8.0 9 0  
5 ICC 13416 4 0 9-0 6.5 5.0 
6 ICC 13816 4.5 5,5 5.0 3.5 
' 7 lCCL86446 6-5 5-5 9-0 7.0 
8 ICCL 86447 4.0 5.0 3,3 5 0 
9 ICCV 89445 5.0 5.0 3.0 5.5 
10 ICCX 790151 4.5 4.5 3.0 6.5 
1 1  ICCX 800839 6.0 7.0 3.0 3.5 
12 ICCX 800859 4.5 4.0 3.0 3 5 
13 ICCX 810457 6.0 6.0 3.3 5.0 
14 ICCX 810737,l 5.0 7 0 3.3 7.0 
15 ICCX 810737.2 4.0 5.5 4.0 5.5 
16 ICCX 810800 3.5 4.5 2.5 5.5 
17 ICCX 810974 5 0 4.0 2 5 6.5 
18 ICCX 830677 4 0  55 3.5 50 
19 Pb7 9 0 9.0 9 0 9.0 
Mean 5.18 626 4 71 579 
SO 1 34 1.81 2 29 1 73 
a 1 Gurdaspur lndtd 2 Hlsar lnd~a 3 Ludhtana lnd~a 4 New Delh~ lndla 5 Srtganganagar lnd~a 6 Islamabad Paklstan 
7-10 - Patancheru lnd~a growth room 7 tsolate from 1 8  sola ate from 2 9 tsolale trom 3 10  sola ale trom 4 
rmmeani~~ (locat or m d  isolate) 0 551 
rmeant5~ - 0 1 12 
Table 2 Correlatron malnx lor ascochyla bbghl severrty ratings 01 Table t agarnst lwatrons and ~solatesd 
a L ~ ~ a l ~ ~ n s  and lsolales 1-1 0 as tn Table 1 
b ~ o l d  values are correlattons between locallon and localton  sola ate used in the plan1 growth room 
to field and plant growth room ratings. As discrete 
classification is not possible here (Harrabi and Halila, 1992), 
and ratings within homozygous material vary, it is concluded 
that the trait of resistance to ascochyta blight is to be treated 
quantitatively. Table 2 shows that the disease scores of the 
four isolates in the growth room correlate well with those of the 
corresponding locations (values shown in bold). This confirms 
that the growth room is suitable for screening purposes. 
However, the disease scores of different locations do not 
always correlate well. Also the different isolates used in the 
growth room show relatively low correlations in several 
instances, for example for Hisar-New Delhi (r= 0.53). Obvi- 
ously the ranking is not constant as shown in Figure 1 for New 
Delhi and Sriganganagar as locations, where r =  0.08. 
Apparently the resistance had an important vertical compo- 
nent as expressed in the reversed ranking. The results of the 
analyses of variance in Tables 3a and 3b quantify the 
contribution of vertical resistance to the total variance to be 
30.8% and 23.9% respectively, the latter value excluding a 
possible environmental effect. 
There is much controversy in the literature on the inherit- 
ance of resistance to ascochyta blight. Pieters and Tahiri 
(1986), while breeding for horizontal resistance, observed in 
Morocco that the percentage of chickpea pod infection by 
ascochyta blight remained 'fairly constant' over 3 years. It was 
concluded by the two authors that the control of resistance 
was oligogenic and additive. Gowen et a/. (1989) concluded 
that the observed ranking stability for chickpea cultivars for 
isolate pathogenicity suggests that resistance is polygenic. 
Results of international screening nurseries of chickpea 
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Table 3a. Analysis of variance of ascochfla blfght severify ratings 
of 19 dfflerent varieties (V) at seven dfflerent locatfons and with tour 
diflerent bolates (LI) in two replications (R) as fn Table 1 
R 10 4 0.3 0 4 
V 18 598 44.3 33 3 84.2"' 
LI 9 262 19,3 29 I 73-7"' 
V'LI 162 417 30.8 2-6 6.5"' 
Residual 180 71 5.3 0.4 
Total 379 1352 100.0 
reported by Reddy el al. (1992) give the impression that the 
resistance against ascochyta blight is qualitative and vertical 
because of the classification into resistant and susceptible, 
and the reversals from location to location. A number of 
genetic studies also give that impression as they report 
monogenic domlnant or recessive inheritance of ascochyta 
blight resistance, e.g. the studies of Singh and Reddy (1983) 
in segregating F2 populations and Singh and Reddy (1989) in 
F2 populations and a limited number of Fg progenies. Nene 
(1982) rightly concluded from such study results that incorpo- 
ration of resistance into a high-yielding background should be 
fairly simple and easy. In a recent study Dey and Gurdip Singh 
(1993) identified one recessive and five dominant genes for 
ascochyta blight resistance but they also concluded from 
generation mean analyses' results that the genes did not 
follow simple Mendelian inheritance but were influenced by 
inter-allelic interactions. Malik (1990), in his study of the 
inheritance of resistance in chickpea to ascochyta blight, 
attempted to fit simple and more complicated Mendelian 
models to his extensive data sets, but no generalization could 
be made, and from his biometrical models he concluded that 
the genetic control of the quantitative variation of resistance 
was complex. 'Loss' of resistance in chickpea as observed 
and reported for varieties such as C 12/34, C 235, C 727 and 
CM 72 (Nene and Reddy, 1987; Singh and Reddy, 1989) 
seems to confirm that we are dealing partly with vertical 
resistance and a limited number of major genes. 
The results presented here show that quantitative vertical 
resistance plays a significant role in the chickpea-ascochyta 
blight pathosystem (Robinson. 1987). 
Malik and Rahman (1992) reviewed the options for 
ascochyta blight resistance breeding. Among these they 
mention breeding for horizontal resistance, an approach 
attempted at ICARDA, but abandoned as good results were 
not achieved ( Singh el a/., 1992). Another option mentioned 
Table 3b Analysfs of vanance of ascochyia blrght seventy ratmgs 
of 19 dfflerent vanetfes (V) fn ICRISAT's growth room wfth four 
dfflerent oolates (I) n two repbcatfons (R) as m Table 1 
dl SS SS% MS F 
R 1 0.2 0-06 0.24 
V 18 309.1 73.19 17.17 270.4"' 
I 3 7.4 1.76 2.48 39.1"' 
V X l  54 100.8 23.86 1.87 29.4"' 
Res~dual 75 4.8 1.13 0.06 
Total 151 422,4 100.00 
"'Signillcant at P z  0.001 
1 Delhi 
. . . 
chickpea varieties 
Ffgure 1 Ascochyta blfght dfsease ratfngs for varfetfes festedat New Delhf and 
Snganganagar arranged fn ascendfng order tor New Daihf Varfetres as fn 
Table 1 
was gene pyramiding. To a certain extent, this is being done 
by crossing resistant varieties of different origins. We suggest 
that gene pyramiding as described by van Rheenen et a/. 
(1992) may be appropriate as varieties show differential 
reactions to isolates (Table 1). By increasing the number of 
isolates and varieties the base of the pyramid can be 
broadened. 
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